The triple-c cartilage tympanoplasty i.e. (composite chondroperichondrial clip) technique was devised by Fernandes in 2003. Objectives: The objective of our case series was to assess the success rate and efficacy of the triple-c cartilage tympanoplasty by transcanal approach. Study Design: A retrospective analysis of patients subjected to the technique was conducted. Methods: 20 cases who met the inclusion criteria were assessed by otomicroscopy and pure tone audiometry before and 2 months after the surgery. Results: All patients had complete take-up of the graft and a hearing improvement which was statistically significant. Conclusions: Thus the triple-c technique provides an effective method of closing nonmarginal perforations of the tympanic membrane.
Introduction
Ideal graft material for tympanoplasty has always been a dilema. Heerman was the first to consider temporalis fascia as a grafting material. Storrs successfully employed it thereafter [1] . The concept of grafting tragal cartilage and perichondrium was introduced by Good hill [1] .
Tragal cartilage with perichondrium ( Figure 1 ) fulfills all the required qualities of an ideal graft material namely low rejection rate, sufficient quantity, good tensile strength, conductive properties similar to that of tympanic membrane and easy availability.
Fernandes from Newcastle, Australia published the technique of composite chondroperichondrial clip tympanoplasty using the tragal cartilage [2] .
In this technique the cartilage-perichondrium graft is both an onlay and underlay graft similar to the butterfly technique without its disadvantages. Many cases with small harmless perforations of the ear drum are operated by retroauricular approach using fascia due to the cartilage and onlay phobia. In these cases the triple-c cartilage tympanoplasty by transcanal approach would be a splendid and minimally invasive solution.
The triple-c technique is fairly simple, sutureless and effective method [3] of type-1 tympanoplasty with good patient compliance and reduced hospital stay in our experience as discussed below.
Methodology
20 cases in the age group of 12 to 50 years with small to moderate sized perforations and a dry ear (for at least 6 months) were selected. Patients with marginal perforations were excluded.
These patients had a hearing loss no greater than 40 db at any frequency on preoperative pure tone audiometry.
All 20 cases underwent meticulous preoperative assessment which included otomicroscopy, pure tone audiometry and routine workup.
Eustachian tube patency was tested by valsalva and methylene blue dye test. The ossicular status and mobility were assessed by endoscopy through the moderate perforations specially in patients having hearing loss on the higher side.
The graft take-up and the hearing were assessed 2 months postoperatively ( Figure 2 ) with otomicroscopy and pure tone audiometry respectively.
Technique
1) Transcanal method was used and tragal cartilage with perichondrium on both sides harvested.
2) The perichondrium from the medial side of the graft was removed while that from the lateral side of the graft raised 1 -2 mm from all around the margins (Figure 3) .
3) The fashioned graft was then slipped through the perforation in a similar way as the lens in its capsule in ophthalmology and dialled in place using a pick.
4) The perichondrium was then gently pulled out from the perforation and spread over the denuded margins in an overlay fashion (Figure 4) .
Thus making the cartilage proper as an underlay graft and perichondrium an onlay one, clipping the freshened margins of the perforation. 
Results
The following table shows the hearing improvement 2 months post-operatively in our case series. 
Discussion
Tympanic membrane perforations significantly impair the quality of life for millions of patients [4] . Though temporalis fascia is the most commonly used graft material it should be noted that cartilage contributes minimally to an inflammatory tissue reaction and is well incorporated with tympanic membrane layers; it also provides firm support to prevent retraction. The main advantage of the cartilage graft has been thought to be its very low metabolic rate. It receives its nutrients by diffusion, is easy to work with because it is pliable, and it can resist deformation from pressure variations [5] .
The perceived disadvantage of the cartilage graft is that it creates an opaque tympanic membrane, which could potentially hide a residual cholesteatoma [6] .
Mirko Tos described 23 known cartilage tympanoplasty methods to reconstruct the eardrum and proposed a classification into six main groups [7] . The triple-c and the butterfly technique belong to group-F as per this classification.
Eavey was the first to describe the butterfly cartilage inlay grafting technique. The edges of the cartilage perichondrial composite graft curve out like butterfly wings when the edge is split [8] . Though an attractive technique there maybe problems with epithelisation of the graft and accumulation of keratin under the wing of the cartilage causing displacement of the graft similar to a grommet. In the triple-c technique we did not face such issues.
When partial thickness cartilage with perichondrium on the lateral aspect alone is fashioned, there is curling of the cartilage possibly due to the pull by the perichondrium, this can be addressed to a certain amount by the triple-c technique as here the perichondrium is raised all along the margins of the cartilage.
There is very limited data regarding curling of the cartilage, four incisions of the perichondrium "the anticurling incisions" have been described by Mirko Tos but a systematic study is still required to validate them.
Using a normal tympanic membrane as a reference, Zahnert et al. noted that a cartilage plate with a thickness of less than 0.5 mm gave the least acoustic transfer loss [9] . Though recent studies show no difference in hearing results between the full thickness and partial thickness grafts.
Also histomorphological studies of cartilage grafts (Hitari, 2006) have shown that there is wide replacement of the chondrocytes by fibrous tissue and loss of lipid vacuoles over time which makes the cartilage graft more homogenous in nature. This transfers the acoustic energy better than normal cartilage.
In 2004, Gierek et al. [10] performed 112 cases with cartilage and 30 cases with temporalis fascia. They observed that there was no significant hearing difference between the two groups. Couloinger et al. [11] observed 59 cartilage graft tympanoplasties and 20 temporalis fascia graft tympanoplasties in 2005 and they reported no postoperative hearing difference between the two groups.
Hence even though temporalis fascia is the current choice, cartilage grafts with minimally invasive techniques such as the triple-c technique may replace fascia for small to moderate sized non-marginal perforations.
Also in near future endoscopic approach for this technique will be in vogue. Otoendoscopy gives the surgeon a panoramic view and helps in visualization of many hidden areas of the middle ear [12] , it may modify this novel technique even further.
Conclusions
In our experience the composite chondroperichondrial "clip" tympanoplasty using the tragal cartilage and transcanal approach has the following advantages:
• Minimally invasive • Sutureless • Reduced operative time • Excellent hearing improvement • Assurance of graft take-up • Better patient compliance and reduced hospital stay Though a highly efficacious technique, comparative studies between the triple-c and the butterfly technique are necessary. Also long term follow-up of cases managed with this technique and studies regarding the fate of cartilage graft would help us understand cartilage tympanoplasty in greater depths.
